A commercial preparation of glyceryl tnnitrate for i.v. administration was assessed under both experimental and clinical conditions The overall haemodynamic effects were beneficial during coronary artery grafting and aortic valve replacement, when the drug was given at a rate of 0.8 ngkg" 1 mm" 1 at which dose there was no appreciable effect on resistance vessels No adverse side-effects occurred. There was no change in the activity of the preparation, whether diluted or not, over a 6-h period.
Hypertension unresponsive to analgesia or sedation may occur during heart surgery, particularly coronary artery by-pass grafting (CABG) and replacement of severely stenosed aortic valves (AVR). This increases left ventricular work, compromises suture lines and may be indicative of myocardial ischaemia as demonstrated by a decreased endocardial viability ratio (EVR) (Olinger et al., 1975; Kaplan, Dunbar and Jones, 1976) :
(mean DAP-LVEDP) x diastolic time mean SAP x systolic time where LVEDP = left ventricular end diastolic pressure; DAP = diastolic arterial pressure; SAP = systolic arterial pressure. It has become accepted as a useful indicator of subendocardial perfusion (which takes place exclusively in diastole) and carries a prognostic value (Hoffman and Buckberg, 1975, 1978) . EVR less than 0.5 indicates that diffuse subendocardial necrosis will occur unless measures are taken to improve the myocardial oxygen supply: demand ratio, for example by intraaortic balloon pumping.
Many of the drugs used to control hypertension have serious disadvantages. Long acting vasodilators may result in unwanted hypotension at a later stage, phenothiazines and butyrophenones have sedative effects and compound respiratory depression from narcotics. Sodium nitroprusside (SNP) may cause cyanide intoxication if used over a prolonged period and has been reported by Armstrong and others (1975) to produce an adverse effect on EVR by reducing diastolic pressure and increasing intracoronary steal by its arteriolar dilator action.
A crushed glyceryl trinitrate (GTN) tablet in the buccolabial groove of such patients will transiently control such hypertension. The effect, however, is variable and not easy to adjust. Until very recently no preparation of i.v. GTN has been available and with additional controls imposed upon hospital pharmacies an ad hoc local preparation has not been feasible, so there is no available published work on the drug in the context of current U.K. practice.
A study was undertaken under experimental and clinical conditions to evaluate some of the haemodynamic effects of GTN during AVR and CABG. Permission was obtained from the Leicestershire Area Ethics Committee.
METHODS
The drug was supplied by Arnar-Stone Laboratories as a sterile, non-pyrogenic solution in 10-ml glass ampoules. The solution has the following composition: nitroglycerin* O.Smgml" 1 ; lactose, US* 4.5mgml" 1 ; alcohol, USP O.lmlml" 1 (10% v/v); monobasic potassium phosphate, USP 13.6 mg ml" 1 (0.1 mmolml" 1 ). (*From nitroglycerin 10% (w/w) in lactose USP.)
Experimental study
Ten patients were studied in detail while in a steady state at the conclusion of surgery (AVR, three patients; CABG, seven). After a control period GTN was infused i.v. at a constant rate of 0.8 ug kg ~1 min~' until a further steady state was obtained, whereupon further measurements were made. The infusion was then discontinued, and observation continued until there was a return to control values. GTN was administered by placing the contents of one 5-mg ampoule into a Travenol 100-ml burette diluted with 5% dextrose 90 ml. A Sorenson "Dial-a-flow" was used to control the rate of infusion.
Clinical use
We have used i.v. GTN over a 6-month period for the following:
(1) In at least 10 patients for the treatment of acute perioperative hypertension in the presence of adequate analgesia (morphine 3-4.5mgkg" 1 ) and normocarbia. Hypertension was defined as an arterial systolic pressure greater than 160mmHg or a diastolic pressure greater than 100 mm Hg, or both. In four of these patients the drug was administered as an infusion of GTN concentrate given from a 50-ml syringe gun over a period of 6 h. In the remainder of the patients the mode of administration was as described for the experimental study.
(2) To induce hypotension in cases of surgical difficulty: (a) slipping of the aortic side clamp (three patients); (b) to assist haemostasis under difficult conditions (two patients).
(3) To obtain sufficient haemodynamic improvement as to render aortic balloon counterpulsation unnecessary as judged by measuring EVR. The anaesthetic technique was the same in all patients (morphine, hyoscine and pancuronium, IPPV with a 50% oxygen in air mixture as described by May, Machin and Wyatt (1978) ). Pulmonary artery pressure, pulmonary capillary wedge pressure and cardiac output were measured using a thermodilution Swan-Ganz catheter. Statistical analysis was performed using a paired Student's t test. (table I) I.v. GTN in a constant dose of 0.8 ugkg"' min"' produced a decrease in arterial systolic pressure not associated with an increase in heart rate or a decrease in diastolic pressure. No change in perfusion pressure could be demonstrated when GTN was administered with artificially generated pulsatile flow using a Stockert pump with the aorta cross-clamped and a venous pressure of zero, that is there appeared to be no effect on the resistance side of the circulation in the dose used. This is contrary to results published in the U.S.A. by Hempleman and others (1977) .
RESULTS

Experimental study
There was a moderate but significant decrease in cardiac index (of the order of 10%) and, as a consequence, no significant changes in systemic or pulmonary vascular resistance were shown. The use of low doses of dopamine (3-5 ug kg " J min " 1 ) to restore the cardiac output did not abolish the beneficial effects of GTN. Myocardial supply: demand ratio as measured by EVR was significantly improved. In all patients onset of action appeared complete within 4 min and in no patient was any haemodynamic effect discernible 5 min after discontinuing the GTN.
Clinical use
In four patients (CABG), two of whom were studied in the experimental series, an infusion of GTN concentrate was given for 6h at a rate of 0.8 ugkg"
1 min" 1 . This proved effective in maintaining normotension with no instability of arterial pressure.
When bolus doses of GTN were used in an attempt to control brief periods of hypertension, doses of 50-100 ug were effective. With this method of administration a visible haemodynamic effect was seen within 1-2 min. This was followed by a continuous infusion. In three patients surgical difficulty because of slipping of the aortic side clamp was alleviated by the "bolus" technique and in two cases the induction of hypotension by GTN in previously normotensive individuals has, in conjunction with other measures, assisted in securing haemostasis under difficult conditions. In two instances sufficient haemodynamic improvement was obtained to render balloon counterpulsation unnecessary as judged by EVR. In one patient an improvement in cardiac output was observed after correction of a hypertensive state in the initial stages of a CABG surgery.
No adverse effects were observed. In particular, cerebral function as monitored with a Devices Cerebral Function Monitor was never compromised, no e.c.g. changes were seen, and there were no significant reductions in oxygen saturation or increase in shunt fraction. No methaemoglobin was detected on spectroscopic examina- tion. User skin contamination did not produce headache or any other symptoms. No decline of activity of GTN was observed after 30 min in the diluted form or up to 6 h when undiluted.
DISCUSSION
The primary pharmacological action of GTN is relaxation of vascular smooth muscle (Goodman and Gilman, 1975) , the effect being more marked on the capacitance side of the circulation. This promotes peripheral pooling of blood and decreases venous return, producing in turn a decrease in left ventricular pressure, myocardial wall tension, heart size and, ultimately, myocardial oxygen demand. As a result of the reduction in LVEDP subendocardial perfusion is increased (Winbury, Howe and Hefner, 1969; Becker, Fortuin and Pitt, 1971; Mathes and Rival, 1971; Chiarello et al., 1976) . A more favourable myocardial oxygen supply: demand ratio is thus achieved.
In the past few years the popularity of CABG operations has increased and has been accompanied by a high frequency (5-40%) of perioperative myocardial infarction (Mundth and Austen, 1975) . It is important that steps are taken to treat the factors which decrease the myocardial supply: demand ratio. (1) increased myocardial wall tension, secondary to either hypertension (increased afterload) or increased nlling pressure (increased preload), (2) increased contractility and (3) increased heart rate (Awan et al., 1976) .
Sublingual GTN has been used for more than a century in the treatment of angina pectoris. Viljoen (1968) used i.m. GTN during internal mammary implantation surgery. Many studies have been undertaken in recent years on both i.v. and i.m. administration of GTN in the U.S.A. In these American studies GTN has been shown to reduce preload and afterload and improve blood flow to ischaemic areas of myocardium, whilst SNP reduces the flow (Chiarello et al., 1976) . It is effective in relieving coronary artery spasm in patients suffering from Prinzmetal's variant angina pectoris, probably by a direct dilator effect on the coronary arteries (Oliva, Potts and Pluss, 1973; Krantz, Viljoen and Gilbert, 1980) . GTN has also been shown to redistribute blood to the subendocardium (Becker, Fortuin and Pitt, 1971; Mathes and Rival, 1971; Chiarello et al., 1976) . A reduction in pulmonary vascular resistance has been demonstrated by Hempleman and others (1977) .
In this study GTN caused a reduction of preload and arterial systolic pressure without change in diastolic pressure or heart rate, thus improving EVR. A decrease in cardiac output, readily reversed by low-dose dopamine, was seen. Unlike the American experience, no demonstrable effect on systemic or pulmonary vascular resistance was observed, neither did we see any significant increase in shunt fraction. These differences may be partly explained by dissimilar anaesthetic technique; we used no inhalation anaesthetic agents such as halothane or nitrous oxide which have a negative inotropic effect and potentiate GTN. The absence of an increase in shunt fraction may be attributable to the regional hypoxic vasoconstrictor mechanism which regulates V\Q balance, is abolished by nitrous oxide, but preserved with morphine. The absence of any effect on pulmonary vascular resistance is disappointing, but separate studies should be performed to determine if the drug affects abnormally increased resistance such as occurs in mitral valve disease. 
